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INTRODUCTION
Strongly correlated d and f metals manifest anom
alies in electron and magnetic properties, the nature of
which remains the subject of debate [1]. Metals
arranged in the crossover region that divides d and
f metals into superconducting and magnetically
ordered categories occupy a special place [1, 2]. The
assumption that the pairing of the electrons of this
group of metals is due to phonons (in the context of
BCS theory) does not agree with the experimental
data on temperature ТС [1, 3].
It was shown earlier in approximations of random
phases [4] and selfconsistent medium fields [5, 6] that
the superconducting state of strongly correlated elec
trons with d symmetry of the order parameter could be
the result of a spinfluctuation pairing mechanism that
is enhanced when it approaches the point of magnetic
instability. However, the anharmonicity of any spin
subsystem must be taken into account near the point
of magnetic transition. In addition, the electron sub
system of f metals includes two interacting groups of
strongly correlated electrons that were not included in
ab initio LDA + U approaches. Let us examine the
Hubbard multiband model, in which the intraatomic
Coulomb and exchange interactions of d and f elec
trons are considered along with their band motion:
(1)
Here,  is the Hamiltonian of noninteracting s(p),
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k = (  ω2n + 1), ω2n and ω2n + 1 are the Matsubara fre
quencies of Bose and Fermi, and  is the Hubbard
constant.
Let us calculate statistical sum Z = Sp(s(β)) by the
saddlepoint method over variables    
(  =  for ) (see [8]). In this pro
cedure, we determine the most probable configuration
of stochastic fields, which is characterized by the aver
age value of the square of the exchange field at the site
 while the squares of the transverse 
and longitudinal  components of the stochastic
field are proportional (in the paramagnetic case) to the
amplitudes of fluctuations of the corresponding com
ponents of spin density and are determined from sad
dlepoint conditions [8].
Our calculations of anomalous functions  are
similar to those in BCS theory. This can be seen from
the structure of the effective Hamiltonian (2), in
which stochastic exchangecharge fields  and 
which fluctuate near their most probable values, are
figure instead of the operators of ion shifts. As a result,
we derive the equations
 (3a)
(3b)
Here, l = f, d;  = (1/2)  –
 is Green’s electron function of the
normal phase in the paramagnetic case, and
nl =  fills the
lth band.
Spinfluctuation renormalizations of the electron
spectrum appear when calculating Green’s function
for the normal phase ( ), which includes the inter
action between electrons and fluctuating exchange
fields. Shortwavelength fluctuations of exchange
fields (when the radius of spin correlations is smaller
than the sizes of Cooper pairs) are necessary for the
emergence of instability relative to singlet pairs due to
the paramagnon mechanism. Our analysis of the
renormalization of the electron spectrum, which leads
to superconductivity, was based on the use of interpo
lation fluctuation theory [8], which describes both
largescale and shortwavelength spin fluctuations
(SFs). Under these conditions, we derive an equation
associated with the superconductivity temperature
from (3):
 (4)
According to our analysis of (4), a positive solution
for TС is possible only for the negative spinwave stiff
ness coefficient [7]
(5)
 
In this case, the SF amplitude in subsystems of d and f electrons is
(6)
Here, l ≠ l',  =  is the
inverse factor of the exchange amplification of suscep
tibility of d or f electrons; J(fd) is the uniform part of the
intersite fd exchange interaction; and B(l) is the
expansion coefficient of the Lindhard function of
l electrons over the frequency in the effective mass
approximation.
Since any increase in SF amplitudes is limited by
electroneutrality requirements, we can find the satura
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tion temperatures of the SF amplitude ( ) for each
subsystem. At , longitudinal SFs disappear
 [7, 8], while the spin rigidity coefficient is
always positive.
Our analysis of instability in the formation of
superconductivity in the PuCoGa5 normal phase was
*
lT
*
lT T≥
( ) ( )( )|| 0l lχ ξ =
performed by selfconsistent calculations [9, 10] of the
electron structure in the LDA + U + SO scheme
(Fig. 1). These calculations were supplemented by
calculations of the SF amplitude (Fig. 2) and magnetic
susceptibility, the temperature dependence of which
corresponded to the experimental data in [11]
(to avoid considering U(l) twice, nl was replaced by the
variation in temperature when filling the l band). Our
estimate of the correlation radii of the spin density of f
and dsubsystems (  =  where al = 0.1) is
the parameter of spatial nonuniformity of the
Lindhard function [12, 13]) in the temperature region
of instability caused by singlet pairing yields three–
four interatomic distances.
According to our results, the chemical potential of
PuCoGa5 lies in the region of negative curvature in the
energy dependences of the densities of d and f states,
and  Our solutions to Eq. (4) for d elec
trons correspond to higher temperatures. The value of
ТС of PuCoGa5 calculated for d electrons turns out to
be 10 K at J(fd) = 0. The inclusion of f,d interaction
leads to the experimentally observed value of 18.5 K
[11] at J(fd) = 0.14 eV. An increase in ТС is possible as
J(fd) grows. For example, at J(fd) = 0.26 eV, ТС = 42 K.
CONCLUSIONS
The spinfluctuation mechanism of singlet pairing
of strongly correlated f and d electrons is observed in
the negative curvature segment of the density of states
near the Fermi level, particularly in features like min
ima. Interband interaction also promotes instability
caused by the emergence of superconductivity. A
strong dependence of temperature ТС on the electron
concentration follows from the derived formulas, indi
cating the importance of experimental investigations
of doped systems, which offer the possibility of con
trolling variations in concentrations of d or f electrons.
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